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46.&* <%91#<0 < +R?.+ O ! H. 4%"+* -! (%1&23, 6&3"#-,G <. %5-!P9H. σθθ= S <%91#<"%<6#
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θ = arccos
(
3M3 +
√
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Hk√
2pi
r−pkFijk ?@ZB
4>.  N. (%8.6 %>(%10>!N02023 :#-JD"/&-023 8".-7P Hk !"#$% &%'''%  ( N. 5%$.2-C-Y V!49
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eXf 1 `&-C= \L] gc h;f;`
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KI,II,III W%:=#-#6.". #-6.-5#6, -!(A60 (&% ;.<-%6"#1* +O<, -!+/3/-0 PQB QQB QQQR
Kth )&/3%1/ 3%<-%6! 9%:=#-#6.". #-6.-5#6, -!(A60
LELM V#-./&-0 ."!96#24/ "%+%1/ +.23!-#4!
'() H.6%<! 4%-.=-E23 (&147
HJW HJW X 4&#6*&#:+
*+($ U$.2-E 9#-I:"/&-0 4%-2.-6&/6%& -!(A60
pk Y>(%-.-6 9#-I:"!&#6,
Re H.5 4":5:
rp 8."#4%96 ("!96#24* 5O-, (@.< =.".+ 6&3"#-,
We Y-.&I#. -!(;!6%96#
8ZJ 1 [&-AB NWQ \\ FHJH[
 !"#$%& '%(( )&%$"*+, "#-./&-0 "%+%1* +.23!-#4, 4%+(%5#6-023 +!6.&#/"7
Wp 8-.&9#. (%6:.$-/ (&% 51;6<.-0 =*"4, 6&3"#-,
Wz 8-.&9#. -!(>!6%?6# 1 6;".?.
 !"# @%$.2-;-A B!46%& #-6.-5#6, -!(;60
CDE 1 F&-;G HIJ KL MNENF
 !"#$%& '%(( )&%$"*+, "#-./&-0 "%+%1* +.23!-#4, 4%+(%5#6-023 +!6.&#/"7
 !"#$%"&$%
89: ;< =>?@<A BCA DC E&!26F&. G.23!-#2HI EF-J!+.-6!"H !-J ;(("#2!6#%-HC KC L,JC
 !-1.&HI M>M )&.HHA 9NNOC PQQ HC R?S< TQUNVUKPTT K
8K:  C >C WC  !"#$% &"'("##)("' *!+#)(!,$ -. *!+#)(!,$ /!(,0)# 1"!,2$($ C ).&X!+%F-
)&.HHA 9NNVC R?S< TTQTU9NTUP
8V: 'DY?Z'A [CA '<\?DA ]CA <ZWD^'A DC 3)!45 ("(+(!+(6" 4)(+#)(! 76) $("'0,!) $+)#$$
46"4#"+)!+(6"$ 8!)+ 9% 1 :"(;#)$!, 1$$#$$<#"+ 67 =("'0,!) =+)#$$ 46"4#"+)!+(6"$>
=-X#-..&#-X G=MW;<RM?A L%"C9UA KTT_A <%CPA HC VNN`UTQC R??< 9QTK`9UQU
8U: 'DY?Z'A [CA '<\?DA ]CA <ZWD^'A DC 3)!45 ("(+(!+(6" 4)(+#)(! 76) $("'0,!) $+)#$$
46"4#"+)!+(6"$ 8!)+ 99% =+!?(,(+2 67 =@!)A !"B C(D*!+#)(!, E6+4@#$> =-X#-..&#-X G=`
MW;<RM?A L%"C9UA KTT_A <%CPA HC UTN`UKKC R??< 9QTK`9UQU
8O: ?=RBDA ?C F;60A!)!<#+)6;G ,6<6;G <#4@!"(5!% 86A($ 5)G+5H4@ I"!;6;H4@ ;," C S&-%I
L,H%4* Fa.-0 6.23-#24* 1 S&-bA E!4F"6! H6&%c-03% #-d.-e&H610 ! fH6!1 g,5#4, +!`
6.&#/"7A ;4!J.+#. 1bJ h.H4* &.(F$"#4,A KTTVC 9TV HC L.J%F20 J#H.&6!a-0 (&/2. )&%gC
>< &C ]J.-b4 '-.H" M?2C
8_: @< >Zh='A =CA L>S';A [CA [;<^h='A )CA SY>i;A [C *&3J1E9K1 LMN&=
8O:PEQ=L 1 8&REQ=L 99> UC )j.(&!2%1!-* 1,JC ;4!J.+#24* -!4"!J!6."H610
M=>GA HC&C%C S&-%A KTTPC KPK HC R?S< QT`K9U`VKPT`Q
8Q: LD;MWA S%3F+#"C &,!$+(456DA,!$+(45G ,6<6;G <#4@!"(5! ! <ST#"U
,6<6;V @60W#;"!+6$+( 8%-`"#-.:C 82#6%1/-% KTTN`TO`9Q:C  %H6F(-* 5I
366(Ikk#+.Cg+.C1F6$&C25kﬁ".Hk1,F4!km?TkT_nKT`nKTG.&.-#nKT`nKTDGCJ%2
8N: LD;MWA S%3F+#"C 8)0W"6$+ 8%-`"#-.:C82#6%1/-% KTTN`TO`9Q:C  %H6F(-* 5I
366(Ikk#+.Cg+.C1F6$&C25kﬁ".Hk1,F4!km?TkTKnKT`nKT)&F5-%H6CJ%2
89T: o;<mA MCAWC 9"+)6B04+(6" +6 /)!4+0)# *#4@!"(4$> G."$%F&-.I ?B@ ;.&%-!F6#2!"
!-J G!&#6#+. >.H.!&23 D!$%&!6%&,A 9NNPC QK HC ;> <%C ;>`TTN`_QP
LYB 1 S&-bA E?R VO fGBGS
